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SYSTEM AMD METHOD FOR DESIGNING ELECTRONIC CIRCUITS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of U.S. Provisional 

Patent Application Serial No. 60/039,320 filed February 7, 

1997, fully incorporated herein by reference. 

5 FIELD OF THE INVENTION 

The present invention relates to systems and methods 

for designing electronic circuits and in particular, to a 

computer-implemented electronic design system and method in 

which an architecture independent schematic representation 

10 of electronic circuit components is automatically configured 

for placement on a selected target circuit architecture. 

BACKGROUND OF THE INVENTION 

Electronic circuits, such as field programmable gate 

arrays (FPGAs) and other types of programmable logic 

15 devices, have become increasingly complex with advances in 

technology. An FPGA, for example, typically includes an 

array of thousands of logic elements, such as gates, look-up 

tables, flip-flops and the like, on a single integrated 

circuit (IC) chip. The logic circuits can be programmed by 

20 an end user at their site according to the desired operation 

to be performed. The ability to program FPGAs to perform 

complex logic operations at high speeds with a very small, 

high-density electronic circuit has made these devices 

popular for a number of different applications. FPGAs, for 

25 example, are often used in various logic applications, such 

as digital signal processing, custom computing, and logic 

emulation. 

Numerous different types of FPGA architectures are 

available from different vendors, such as Xilinx®, Lucent 

30 Technologies, and National Semiconductor Clay Logic. In FPGA 

architectures, the logic elements are physically grouped 

into sites, which are physical locations on the chip that 

include a group of logic elements. FPGA architectures can 
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be broken down into an array of sites that represent the 

lowest logical granularity or breakdown within the FPGA 

architecture. One type of FPGA architecture available from 

Xilinx®, for example, are broken down into Configurable 

5 Logic Blocks (CLBs) and Input Output Blocks (IOBs). The 

grouping of programmable logic elements and the granularity 

of the FPGA architectures can vary greatly between 

integrated circuit different vendors. 

Because of the large number of logic elements on these 

10 high-density logic circuits, electronic design automation 

(EDA) tools have been developed to facilitate.programming of 

FPGAs and other similar electronic devices. Using EDA 

software the user can design the algorithm to be performed 

by the circuit on a higher level, and then translate the 

15 algorithm to a lower level, such as the register transfer 

level (RTL) . EDA software can also perform a simulation to 

verify the design prior to physically implementing the 

design on the actual circuit architecture of the FPGA. 

The conventional EDA systems and methods, however, have 

20 a number of limitations. As the complexity of the logic 

circuits increase, so does the difficulty of ensuring that 

the design is correct, for example, that the circuit 

components are properly arranged and connected in the 

circuit architecture. Not only is the complexity of the 

25 logic circuits drastically increasing, but also there is an 

increasing demand for quick design cycles. The difference 

in granularity between the different architectures available 

from different vendors has also challenged the conventional 

circuit design techniques. 

30 One method of designing FPGAs and other similar 

electronic circuits is known as schematic entry. A 

schematic design of the circuit is created for a particular 

type of target circuit architecture produced by a specific 

vendor. When the schematic design for the circuit is 

35 complete, simulation verification is performed. If any 

design errors are detected, the schematic design must be re¬ 

designed. This iterative process continues until no design 

5DOCID: <WO 983747SA2 I > 



WO 98/37475 PCT/US98/02334 
t 

errors are detected during the simulation verification. The 

schematic design is then placed and routed within the pre¬ 

selected circuit architecture, i.e., the physical locations 

and interconnections on the pre-selected circuit 

5 architecture are determined. A timing verification is then 

performed, and if timing errors are detected, the placement 

and routing must be modified or the schematic design of the 

circuit must be redesigned. 

One problem with this type of design system and method 

10 is that the schematic design entry is created based upon a 

specific target circuit architecture. If the same or 

similar algorithm needs to be re-targeted to a different 

circuit architecture, a new schematic design must be created 

based upon the speed and timing requirements for that type 

15 of target circuit architecture. Thus, the user is locked 

into one specific circuit architecture from the beginning of 

the design process. 

Another type of system and method for designing FPGAs 

and other similar logic devices is commonly known as 

20 behavioral synthesis. This technique involves creating a 

high level description of the algorithm using a hardware 

description language (HDL), such as the VHDL or Verilog. The 

synthesis of this high level description of how the circuit 

behaves creates a list of the logic gates and the 

25 interconnections to be implemented on the circuit 

architecture. Simulation verification is then performed to 

detect any design errors. If design errors are detected, 

the designer must revise the HDL description accordingly. 

The synthesized design is then placed and routed on a 

30 selected target circuit architecture. A timing verification 

is performed to determine if any timing errors exist in the 

electronic circuit implemented on the selected target 

circuit architecture. If a timing error is detected, the 

circuit design must either be re-routed or the circuit must 

35 be redesigned using the HDL. 

While behavioral synthesis appears to provide a more 

flexible architecture independent approach, existing 

behavioral synthesis tools have had limited success in FPGA 
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design due to the vast differences in granularity between 

the different architectures provided by different vendors. 

Thus, neither of these existing electronic circuit design 

tools allow a user to easily transfer electronic circuit 

5 designs from one type of circuit architecture to another. 

The existing design tools also do not allow mapping across 

different architectures in a heterogeneous floorplanning 

environment. Another problem that exists with both of these 

electronic circuit design systems and methods is that 

10 different software design tools are required for the initial 

high-level design entry and the place and route functions. 

The different types of software tools that are required for 

the complete design process often have different database 

formats and do not efficiently interact during the design 

15 process. 

Also, these existing FPGA design techniques do not 

perform a simulation verification until after the high level 

description is completed, e.g. after the HDL description is 

entered or after the schematic design is entered. Thus, the 

20 designer must spend significant time and effort in preparing 

the initial design without any feedback as to whether or not 

design errors might exist. Any problems that are found 

during the verification typically require a redesign. Also, 

routing and timing verification does not occur until even 

25 later in the design cycle after placement and routing is 

completed. Any routing or timing errors could also result 

in having to redesign from the beginning of the design 

cycle. The user then will not know whether redesign has 

corrected the routing/timing errors until the placement and 

30 routing of the modified design is complete. Thus, these 

design systems and methods often require multiple lengthy 

iterations before a complete, optimized circuit design is 

ready to be physically implemented. 

Accordingly, a need exists for a system and method for 

35 designing electronic circuits that is capable of 

automatically configuring a high level schematic design to a 

number of different types of target circuit architectures 

having different granularities. A need also exists for an 

1 
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integrated electronic design system and method in which the 

different tools of the system work together to efficiently 

design the electronic circuit while performing design 

verification or checking in real time throughout the design 

5 cycle. A need further exists for an electronic design 

system that verifies and/or optimizes placement and routing 

of the circuit components in real time as the circuit 

components are moved to different locations in the target 

circuit architecture or moved from one target architecture 

10 to a different target architecture. 

SUMMARY OF THE INVENTION 

The present invention features a computer-implemented 

electronic design system for designing an electronic 

circuit having at least one circuit component within a 

target circuit architecture. The system comprises an 

architecture advisor, for creating a database of design 

criteria, and for monitoring and managing design of the 

electronic circuit using the design criteria, and a 

functional representation schematic designer, for creating 

and displaying an architecture independent schematic 

representation of the electronic circuit including a 

functional representation of each circuit component in the 

electronic circuit. The system further includes an 

architecture specific configuration generator, for 

generating at least one architecture specific 

representation corresponding to the functional 

representation of each electronic circuit component when 

implemented on at least one target circuit architecture, 

and a dynamic architecture floorplanner, for creating and 

displaying at least one architecture specific schematic 

representation of the electronic circuit The architecture 

specific schematic representation includes a target circuit 

architecture representation having an array of architecture 

sites. The architecture specific configuration generator 

generates an architecture specific representation 

configured for the architecture sites of the target circuit 

architecture representation when the functional 
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representation of each circuit component is placed at a 

location on the target circuit architecture representation. 

The architecture advisor is coupled to and communicates 

with the functional representation schematic designer, the 

architecture specific configuration generator, and the 

dynamic architecture floorplanner. 

The preferred embodiment of the system includes a 

functional simulator responsive to the architecture 

advisor, for simulating functionality of the architecture 

independent schematic representation of the electronic 

circuit. The functional simulator is capable simulating 

functionality using multiple clock speeds and half clock 

cycles, as well as performing dynamic pipeline realignment. 

The system also preferably includes a circuit 

component representation library including a plurality of 

predefined functional representations of circuit 

components, and including a plurality of architecture 

specific representations associated with each of the 

functional representations. The functional representation 

schematic designer allows the user to select and arrange 

selected ones of the predefined functional representations 

and to provide interconnections between each of the 

selected predefined functional representations. In one 

example, the functional representation schematic designer 

is used to create a hierarchy of functional 

representations. The architecture specific configuration 

generator preferably creates a cache for storing a 

plurality of architecture specific representations 

corresponding to the selected functional representations in 

the architecture independent schematic representation. 

The preferred embodiment architecture advisor that 

includes a design rules checker, for performing design 

rules checking in real time as the electronic circuit is 

designed, and wherein the architecture advisor informs the 

user if a design error is detected. The preferred 

embodiment of the architecture advisor provides automatic 

correction of the design in response to a design error, for 

example, by causing the architecture specific 

i 
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representations to be re-configured. 

The preferred embodiment of the dynamic architecture 

floorplanner notifies the architecture advisor of a 

location at which a functional representation is placed on 

the selected target architecture such that the architecture 

advisor causes the architecture specific configuration 

generator to generate an architecture specific 

representation appropriate for the location on the target 

circuit architecture representation. The design rules 

checker of the architecture advisor preferably checks the 

location of the architecture specific representation, and 

if a design error is detected, the architecture advisor 

causes the architecture specific representation to re¬ 

configure to correct the error. 

The dynamic architecture floorplanner also preferably 

allows the user to move the architecture specific 

representations on the target architecture representation 

to a new location on the target architecture representation 

or to another selected target architecture representation. 

The architecture advisor, in response to movement of the 

architecture specific representation, causes the 

architecture specific representation to dynamically re¬ 

configure. The dynamic architecture floorplanner 

preferably displays the changes to the architecture 

specific representations as they are reconfigured. 

The present invention also features a computer- 

implemented system for designing an architecture 

independent schematic representation of a logic circuit 

comprising the architecture advisor, a circuit component 

representation library, and the functional representation 

schematic designer. The present invention also features a 

computer-implemented system for creating an architecture 

specific schematic representation of an electronic circuit 

comprising the architecture advisor, the architecture 

specific representation generator, and the dynamic 

architecture floorplanner. 

The present invention also features a computer- 

readable medium for providing at least one electronic 

7 
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circuit component representation for use in a computer- 

implemented electronic design system. The computer- 

readable medium comprises architecture independent 

functional data stored thereon, for defining at least one 

function to be performed by at least one electronic circuit 

component independent of the target circuit architecture. 

The computer-readable medium further comprises architecture 

specific configuration data stored thereon with the 

architecture independent functional data for each 

electronic circuit component, for defining a plurality of 

implementations of the function on a plurality of target 

circuit architectures. Also stored on the computer- 

readable -medium is at least one configuration routine that 

responds to a request from the computer-implemented 

electronic design system indicating a selected location for 

the electronic circuit component on the target 

architecture, for configuring the architecture specific 

configuration data to create an architecture specific 

representation appropriate for the selected location of the 

electronic circuit component on the target architecture. 

The present invention also features a method of 

designing electronic circuits independent of the system 

defined above. The method comprises the steps of: 

capturing design parameters; selecting and displaying a 

functional representation of each electronic circuit 

component, wherein the functional representation represents 

an architecture independent function performed by each 

electronic circuit component; creating an architecture 

independent schematic representation of the electronic 

circuit having the electronic circuit design parameter by 

arranging and interconnecting the functional representation 

of each electronic circuit component; selecting and 

displaying a target architecture representation for the 

electronic circuit, the target architecture representation 

including an array of architecture sites; creating an 

architecture specific schematic representation from the 

functional representations of each electronic circuit 

component, wherein the architecture specific schematic 

«■ 
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representation includes an architecture specific 

representation of each circuit component implemented on the 

selected target architecture representation, and wherein 

the architecture specific representation is configured for 

the architecture sites on the selected target architecture; 

and checking design rules in real time during designing the 

electronic circuit according to the design parameters. 

According to one method the step of selecting the 

functional representations includes selecting at least one 

large scale functional representation of a combination of 

circuit components. The method can also include creating 

and storing large scale functional representations of a 

combination of circuit components. 

According to the preferred method, the checking of 

design rules includes monitoring the selection, arrangement 

and interconnection of the functional representation, and 

checking for inconsistencies with the design parameters. 

In one example, the method further includes the step of 

simulating functionality of the architecture independent 

schematic representation. 

According to the preferred method, the step of 

creating an architecture specific schematic representation 

from the functional representations includes moving each 

functional representation to a location on the selected 

target architecture representation. The architecture 

specific representation is dynamically configured based 

upon the architecture sites at the location on the target 

architecture representation. The step of checking design 

rules in real time preferably includes checking the 

location of the architecture specific representation 

against the design parameters, and dynamically re¬ 

configuring the architecture specific representation in 

response to detecting an error. The architecture specific 

representation can be dynamically re- configured based upon 

a proximity of the architecture specific representation to 

another architecture specific representation on the target 

architecture representation or base upon a set up time 

error detected when the architecture specific 

0NSOOCID: <WO_9837«7SA2J_» 



WO 98/37475 PCT/US98/02334 

representation is placed at the location. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of the present 

invention will be better understood by reading the following 

detailed description, taken together with the drawings 

5 wherein: 

Fig. 1 is a schematic block diagram of a computer 

implemented electronic design system, according to the 

present invention; 

Fig. 2 is a schematic block diagram of the computer- 

10 implemented electronic design system, according a preferred 

embodiment of the present invention; 

Fig. 3 is a screen image of a user interface created by 

the architecture advisor for capturing design parameters, 

according to one embodiment of the computer implemented 

15 electronic design system of the present invention; 

Fig. 4 is a screen image of a user interface created by 

the functional representation schematic designer for 

creating the architecture independent schematic 

representation, according to one embodiment of the computer 

20 implemented electronic design system of the present 

invention ,- 

Fig. 5 is a screen image of a user interface created by 

the dynamic architecture floorplanner for creating the 

architecture specific schematic representation, according to 

25 one embodiment of the computer implemented electronic design 

system of the present invention; 

Fig 6 is a screen image of the functional 

representation schematic designer user interface together 

with the dynamic architecture floorplanner user interface, 

30 according to one embodiment of the computer implemented 

electronic design system of the present invention; 

Figs. 7A-7C are screen images of the dynamic re¬ 

configuration of architecture specific representations as 

they are moved on the target architecture representation, 

35 according to one embodiment of the computer implemented 

electronic design system of the present invention; 
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Figs. 8A and 8B are screen images of a design error 

notification provided to the user in response to design 

rules checking, according to one embodiment of the computer 

implemented electronic design system of the present 

5 invention; 

Figs. 9A and 9B are screen images of the dynamic re¬ 

configuration of an architecture specific representation in 

response to an error detected by design rules checking, 

according to one embodiment of the computer implemented 

10 electronic design system of the present invention; and 

Figs. 10A and 10B arc screen images of the dynamic re¬ 

configuration of a group of architecture specific 

representations, according to one embodiment of the computer 

implemented electronic design system of the present 

15 invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The computer-implemented electronic design system 10, 

Fig. 1, according to the present invention, is used to 

20 design complex electronic circuits using a hierarchy of 

architecture independent schematic representations that are 

mapped to one or more selected target circuit architectures. 

Although the exemplary embodiment focuses on FPGA design, 

the present invention contemplates using this system and 

25 method to design other types of complex electronic circuits, 

such as application specific integrated circuits (ASICs). 

In the exemplary embodiment, the computer-implemented 

electronic design system 10 is implemented as software on a 

personal computer (PC), although the present invention 

30 contemplates other implementations including software, 

hardware, firmware, or any combination thereof. 

According to the broad concept of the present 

invention, the computer-implemented electronic design system 

10 is used to create an architecture independent schematic 

35 representation 12 of an electronic circuit to be designed 

according to a specified algorithm and design criteria. The 

architecture independent schematic representation 12 

includes functional representations or functional logic 

K 
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blocks (FLBs) 14 that represent the function of the circuit 

components or logic elements (e.g., adders, multipliers, 

multiplexers, registers, and the like) in the electronic 

circuit. The functional representations 14 are arranged and 

5 interconnected with net segments 16 according to the 

algorithm to be performed by the circuit. The architecture 

independent schematic representation 12 can preferably 

include a hierarchy of functional representations 14 

organized into one or more groups 18. 

10. Each of the functional representations 14 has 

corresponding architecture specific representations 20 that 

represent the implementation or mapping of the functional 

representations 14 on different target circuit 

architectures. A functional representation 14a of an adder, 

15 for example, will have different configurations 20a-20c when 

mapped to a Xilinx® 4K Series architecture, a Xilinx® 6200 

series architecture, and a Lucent® 2C Series architecture. 

The appropriate architecture specific representations 20 

corresponding to the functional representations 14 in the 

20 architecture independent schematic representation 12 are 

placed on a selected target circuit architecture 

representation 22 including an array of architecture sites 

24 to create an architecture specific schematic 

representation. Each architecture specific representation 

25 20 is configured to occupy at least a portion of the 

architecture sites 24 and is located such that the design 

criteria for the electronic circuit are met. 

The computer-implemented electronic design system 10 

includes a number of components or software tools. A 

30 functional representation schematic designer 30 creates and 

displays the architecture independent schematic 

representation 12 by allowing the user to select, arrange, 

and interconnect the functional representations or FLBs 14. 

An architecture specific configuration generator 32 

35 generates and manages the architecture specific 

representations 20 corresponding to the FLBs 14 selected and 

arranged in the architecture independent schematic 

IP- 
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representation 12. A dynamic architecture floorplanner 34 

creates and displays the architecture specific schematic 

representation including the selected target architecture 

representation 22 with the appropriate architecture specific 

representations 20 placed and configured onto the 

architecture sites 24 at the appropriate locations. 

An architecture advisor 36 receives design criteria, 

for example, input by the user, and creates a database 37 of 

design criteria and monitors and manages design of the 

circuit according to the design criteria. The architecture 

advisor 36 preferably interacts with and provides 

communication between each of the components in the 

electronic design system 10 during the design cycle, for 

example, to provide real time design rules checking. A 

functional simulator 38 can also be used to simulate and 

verify logic functionality of the circuit design represented 

by the architecture independent schematic representation 12. 

The computer-implemented electronic design system 10 

further includes a circuit component representation library 

40 of pre-defined functional representations 14 of circuit 

components and corresponding architecture specific 

representations 20 existing as objects in the circuit 

component representation library 40. The functional 

representation schematic designer 30 can be used to build 

new functional representations 14 from the existing pre¬ 

defined functional representations 14 scored in the circuit 

component library 40. A target circuit architecture library 

42 contains pre-defined target circuit architecture 

representations 22 that represent the target circuit 

architectures supported on the system 10. 

In the preferred embodiment of the computer-implemented 

electronic design system 10, Fig. 2, the architecture 

advisor 36 is a centralized, multi-threaded database system 

that provides real time communication with each component in 

the computer-implemented electronic design system 10. One 

function of the architecture advisor 36 is to capture design 

parameters or attributes throughout the design process. In 
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one example, the architecture advisor 36 creates and 

displays user interfaces or forms, for informing the user of 

the design parameters, such as operational characteristics 

of the circuit, that need to be specified and for capturing 

5 these parameters. Examples of the user interfaces displayed 

by the architecture advisor 36 are shown in Fig. 3. In one 

example, these user interfaces can be called from other 

components of the system 10, such as the schematic designer 

30, the functional simulator 38, or the dynamic architecture 

10 floorplanner 34. 

The design information captured by the architecture 

advisor 36 is preferably checked immediately by the 

architecture advisor 36 to determine if inconsistencies have 

been entered or design attributes have been overspecified. 

15 This design information then becomes part of the 

architecture advisor centralized database 37 and is used in 

the design rules checking/error correction described below. 

The architecture advisor 36 preferably includes a 

design rules checker (DRC) 44, for receiving user input via 

20 the schematic designer 30 and floorplanner 34 during the 

design process and for performing design rules checking in 

real time against the database of design information that 

has been captured. The DRC 44 checks the design as FLBs 14 

are selected, arranged and interconnected and also when the 

25 architecture specific representations 20 are placed or 

moved on the target architecture representation 22, as will 

be described in greater detail below. In one embodiment, 

the architecture advisor 36 informs the user of the error 

and suggests a correction. In another embodiment, the 

30 architecture advisor 36 automatically corrects an error 

detected ' as a result of user input, for example, by 

reconfiguring the architecture specific representation 20, 

as will be described in greater detail below. 

The architecture advisor 36 also preferably provides 

3 5 the user with access to the entire database to determine 

statistics, such as power consumption, routability, and 

static timing, for all or part of the design. Another 

function of the architecture advisor 3 6 is to interface with 

11 
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the architecture specific configuration generator 32 to 

initiate the generation or re-configuration of architecture 

specific representations 20, as will be described in greater 

detail below. 

5 According to the preferred embodiment, the schematic 

designer 30 is coupled to the architecture advisor 36 and 

provides design information to the architecture advisor 36 

as the user selects, arranges and interconnects functional 

representations or FLBs 14 for each circuit component in the 

10 electronic circuit being designed. The architecture advisor 

36 preferably notifies the schematic designer 30 in real 

time of any design errors as a result of improper selection, 

arrangement, or interconnection of FLBs 14 that do not 

satisfy the design criteria. 

25 The preferred embodiment of the schematic designer 30 

creates a schematic user interface that allows the user to 

select and arrange the FLBs 14 and interconnect the FLBs 14 

with net segments 16 (see Fig. 1). One example of the 

schematic user interface displayed by the schematic designer 

20 30 for creating the architecture independent schematic 

representation 12 is shown in Fig. 4. The schematic 

designer 3 0 can be used to select predefined FLBs 14 from 

the circuit component representation library 40 or can be 

used to create new FLBs from groups 18 of predefined FLBs 

25 i4. The circuit component representation library 40 

preferably includes architecture independent functional data 

that defines the functions of each FLB 14. The schematic 

designer 30 also allows FLB parameters or attributes, such 

as types of inputs/outputs, the bitwidths, and the number of 

30 clock cycles (or latency), to be specified and displayed as 

annotations with the architecture independent schematic 

representation 12. When a predefined FLB .14 is selected 

using the schematic designer 30, the architecture 

independent functional data for that FLB is sent to the 

35 architecture advisor 36 together with the specified FLB 

parameters so that the architecture advisor 36. can initiate 

the translation of FLBs 14 to a target architecture, as 

described below. In addition to hardware FLBs representing 

IT 
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circuit components, the present invention contemplates 

software FLBs that represent software code running along 

side the hardware FLBs. 

In one example, the schematic designer 30 creates the 

5 architecture independent schematic representation 12 of the 

electronic circuit as a hierarchy of FLBs 14. For example, 

new, higher level FLBs are created from groups 18 of 

existing FLBs 14. This allows users to build unique large 

scale functional blocks from predefined FLBs 14 that 

10 facilitate the design of complex electronic circuits. These 

large scale functional blocks can be parameterized and 

configured for selected target architectures in the same way 

as the individual FLBs 14 used to create them, as will be 

described in greater detail below. Thus, by re-targeting 

15 the individual FLBs 14 toward, different or future 

architectures, the large scale functional blocks will be re¬ 

targeted without having to be redesigned from scratch for a 

different or new architecture. The large scale functional 

blocks are preferably generated using an API-based C++ 

20 process and use a standard Dynamically Loaded Library (DLL) 

interface, which allows the large scale functional blocks to 

be completely parameterizable. The DLL for a large scale 

functional block is called when the design is recompiled or 

when placement is moved on the target circuit architecture 

25 22 and the large scale functional block is re-mapped. The 

large scale functional blocks can also be stored, for 

example, on a storage medium 39, for future use or 

distribution. 

The preferred embodiment of schematic designer 30 also 

30 performs bit width alignment for signals (represented by net 

segments 16) connected to each circuit component represented 

by the FLBs 14. Thus, the user does not have to manage 

sign-extensions and ground-padding when two signals of 

different bit widths are connected to the same circuit 

35 component FLB. If the schematic designer 30 detects a bit- 

width mismatch that cannot be resolved, e.g. upon 

determination by the architecture advisor 36, the user is 

notified in real time of the error. The schematic designer 

Iy 
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30 also performs bit width propagation, for example, when a 

bit-width mismatch is detected, bit widths can be 

automatically adjusted and propagated throughout the design. 

According to the preferred embodiment, the functional 

5 simulator 38 is coupled to the functional representation 

schematic designer 30 and the architecture advisor 36, for 

simulating the functionality of the circuit represented by 

the architecture independent representation 12. The 

functional simulator 38 is preferably capable of handling 

10 multiple clocks and the interaction between data paths 

having multiple clocks. The functional simulator 38 also 

preferably supports half clock cycle operations. The 

functional simulator 38 can also provide dynamic pipeline 

realignment when one circuit component is replaced with 

15 another circuit component having a different latency. The 

functional simulator 38 can further provide dynamic power 

estimation based on a data stream. 

The functional simulator 38 displays the signal status 

during simulation using a waveform viewer or using an X/Y 

20 graph or histogram. The functional simulator 38 also allows 

the user to build a fully interactive testbench by placing 

testbench components in the schematic representation 12 or 

by dynamically linking in a module which analyzes or further 

processes the simulation result using a DLL interface that 

25 passes data to a DLL function. In one example, custom test 

bench elements can be created, for example, using C++, and 

stored in a generic simulation black box library 45 for use 

by the functional simulator 38 to more efficiently analyze 

the simulation data. 

30 According to the preferred embodiment, the architecture 

specific configuration generator 32 is a library management 

system coupled to the architecture advisor 36 for creating 

and managing the architecture specific representations 20 of 

the circuit components. The architecture specific 

35 representations 20 exist in the circuit component 

representation library 40 as configuration objects that 

define the configuration of each FLB on different target 

architectures. The configuration generator 32 can 
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dynamically load the configuration objects and preferably 

creates a cache 46, for storing the configuration objects 

corresponding to the FLBs 14 that are retrieved from the 

circuit component representation library 40. In one 

5 example, the cache 4 6 -resides in RAM on a PC. The present 

invention also contemplates swapping the configuration 

objects to disk or re-generating the architecture specific 

representations 20 as needed. The use of cache 46 allows 

the architecture specific representations 20 to be more 

10 quickly loaded, configured and reconfigured, as will be 

described in greater detail below. 

The configuration generator 32 is typically called by 

the architecture advisor 36 with a number of parameters, 

such as the FLB type (e.g., adder, multiplier, multiplexer), 

15 bit widths on inputs and outputs, speed requirements, 

architecture (site type), and the like. In response to the 

request from the architecture advisor 36 with the design 

parameters, the configuration generator 32 dynamically loads 

the appropriate configuration object using these parameters, 

20 for example, from the circuit component representation 

library 40 or from the cache 46. In one example, as the 

architecture independent schematic design 12 is generated, 

each of the FLBs are translated into a default target 

architecture by the architecture advisor 36. The 

25 configuration object corresponding to each FLB 14 for that 

default target architecture initially becomes the active 

configuration object that is available to the dynamic 

architecture floorplanner 34 for displaying as an 

architecture specific representation 20. As the FLBs 14 are 

3 0 moved on the target architecture representation 22, the 

active configuration object can change if necessary, as 

described below. 

The configuration objects preferably include 

architecture specific configuration data 48 as well as 

35 configuration software routines 50 for configuring the 

configuration data 48 when called by the configuration 

generator 32. The architecture specific configuration data 

48 defines the architecture specific representations 20 by 

IT 
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pre-mapping each FLB 14 to the architecture sites 24 of each 

of the target circuit architecture representations 22. 

Thus, according to this embodiment , the architecture 

specific configuration generator 32 acts as a collection of 

5 dynamically linked objects with a common interface. The 

architecture advisor 36 can use this interface to extract 

statistics from the configuration generator 32 pertaining to 

the available architecture specific representations 20. 

According to the preferred embodiment, the dynamic 

10 architecture floorplanner 34 is coupled to the architecture 

advisor 36 to perform design rules checking and to 

automatically configure the architecture specific 

representations 20 when creating the architecture specific 

schematic representation. The dynamic architecture 

15 floorplanner 34 creates a user interface that allows the 

user to select and display one or more target architecture 

representations 22 including an array of the architecture 

sites 24 specific to the selected target architecture 

representation(s) 22. The target architecture library 42 

20 preferably includes target architecture data defining each 

target architecture supported on the system 10. When one or 

more target architectures are selected by the user, the 

corresponding target architecture data is retrieved from the 

target architecture library 42 and the corresponding target 

25 architecture representation (s) 22 is displayed by the 

dynamic architecture floorplanner 34. Each selected target 

architecture also becomes an object in the architecture 

advisor 30 database 37, representing a collection of 

architecture sites that makes up that target architecture. 

30 One example of the target architecture representations 

22 displayed by the dynamic architecture floorplanner 34 is 

shown in Fig. 5. The architecture sites 24 represent the 

lowest logical granularity or breakdown of physical 

locations within a particular target architecture. With a 

35 Xilinx® series FPGA, a 10 by 10 array of Configurable Logic 

Blocks (CLBs) would be represented by a 10 by 10 array of 

architecture sites. Different types of architecture sites 

can also be used depending upon the architecture type, for 

II 
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example, one type of architecture site 24a represents a CLB 

in the Xilinx® ' series FPGA while another type of 

architecture site 24b represents an Input Output Block (IOB) 

in the Xilinx® series FPGA. The architecture sites 24 are 

5 preferably assigned unique ID numbers representing their 

type and location on the target architecture representation 

22. 
The dynamic architecture floorplanner 34 displays 

architecture specific representations 20 on the selected 

10 target architecture representation 22 to create the 

architecture specific schematic representation. The 

architecture specific representations 20 represent the 

functionality of an FLB mapped to specific types of 

architecture sites 24, and each FLB 14 has a plurality of 

15 different architecture specific representations 20 for 

different types of architectures. As mentioned above, the 

architecture specific representations 20 represent 

configuration objects having configuration data that defines 

the type of architecture sites supported by that object. 

20 The dynamic architecture floorplanner 34 preferably 

interacts with the configuration generator 32 via the 

architecture advisor 36 to display the active architecture 

specific representation 20 corresponding to the active 

configuration object on the selected target architecture 

25 representation 22. The dynamic architecture floorplanner 34 

partitions the active architecture specific representation 

20 into configuration blocks and displays the configuration 

blocks as occupying at least a portion of the architecture 

sites 24 on the target architecture representation 22. 

30 To place the FLBs 14 in the architecture independent 

schematic representation 12 on the target architecture 

representation 22, the system preferably creates a user 

interface in which the architecture independent schematic 

representation 12 and the target architecture representation 

35 22 are displayed simultaneously, as shown in Fig. 6. This 

interface allows FLBs 14 or groups of FLBs 14 on the 

architecture independent schematic representation 12 to be 

moved to the target architecture representation 22 at a 
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selected location, for example, using a "drag and drop" 

technique. 

When an FLB 14 or group 18 of FLBs 14 is moved to the 

selected location on the target architecture representation 

22, the dynamic architecture floorplanner 34 determines the 

type of architecture sites 24 at that selected location, for 

example, based upon the unique ID associated with the site 

at that location. The architecture advisor 36 compares the 

type of architecture site 24 at the selected location with 

the type of architecture sites supported by the active 

configuration object corresponding to the FLB 14 being 

placed at the selected location. If the type of 

g^ciiitecture sites 24 at the selected location match the 

type supported by the active configuration object, the 

dynamic architecture floorplanner 34 changes the shape of 

the FLB 14 (commonly referred to as morphing) to the active 

architecture specific representation 20, which is 

partitioned and placed accordingly. 

If the type of architecture sit'-s 24 at the selected 

location do not match the type supported by the active 

configuration object, the architecture advisor 36 reports 

the site type at the selected location to the configuration 

generator 32. The configuration generator 32 then searches 

for a matching configuration object for that FLB that will 

support the selected site type. If a matching configuration 

object is found, this matching configuration object becomes 

active, and the dynamic architecture floorplanner 34 changes 

the shape of the FLB 14 to the new corresponding active 

architecture specific representation 20. If no matching 

configuration objects associated with that FLB are found, 

either in the cache 46 or the library 42, the architecture 

advisor 36 and the user are notified that the FLB cannot be 

placed at this location. 

The preferred embodiment of the dynamic architecture 

floorplanner 34 also allows the architecture specific 

representations 20 that have been placed on the target 

architecture representation 22 to be moved to new locations 

on the target architecture representation 22 or to a 
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different target.architecture representation 22 for another 

type of architecture. When an architecture specific 

representation 20 is moved, the above process of finding a 

matching configuration object that supports the architecture 

5 sites at the new location is repeated. Thus, when an 

architecture specific representation 20 at one location is 

moved to a new location or to a new architecture, the active 

architecture specific representation 20 can change 

dynamically to a new architecture specific representation 20 

10 appropriate for a new type of architecture site. Further, 

as architecture specific representations 20 are moved on the 

target architecture representation 22, the configuration 

objects corresponding to the architecture specific 

representations 20 can query the configuration objects 

15 corresponding to other architecture specific representations 

20 on'the target architecture representation 22. 

Thus, the dynamic architecture floorplanner 34 can 

create a heterogeneous floorplanning environment across 

different architectures that supports other types of objects 

20 in addition to FLBs. This environment would allow design of 

heterogeneous processors, such as a FPGA and microprocessor 

combination, a FPGA and ASIC combination, or a FPGA and DSP 

chip combination. 

In addition to being automatically configured for the 

25 type of architecture sites at which they are placed, the 

architecture specific representations 20 on the target 

architecture representation 22 can be configured or re¬ 

configured in response to real time design rules checking. 

The DRC 44 of the architecture advisor 36 detects errors in 

30 real time as the architecture specific representations 20 

are initially placed on the target architecture 

representation 22 and/or when moved to new locations or new 

target architecture representations 22. The architecture 

advisor 36 is continuously informed of placement and 

35 configuration information via the configuration generator 32 

and performs real time design rules checking against the 

database of design criteria to detect errors, such as timing 

or routing errors. In one embodiment, the dynamic 
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architecture floorplanner 34 receives any errors/warnings 

from the architecture advisor 36 and notifies the user in 

real time. When the architecture advisor 36 detects that 

this error has been corrected by the user, the user will 

S also be notified of the correction. In another embodiment, 

the architecture advisor 36 can automatically correct design 

errors by causing the active configuration object 

responsible for the error to re-instantiate or re-configure 

in a way that alleviates the error. 

10 The re-configuration is preferably performed by the 

configuration routines 50 within the configuration objects. 

As mentioned above, the configuration routines are in the 

form of software code associated with the architecture 

specific configuration data stored in the circuit component 

15 representation library 40 and made available by the 

configuration generator 32. The architecture advisor 36 

preferably tracks the configuration objects available from 

the architecture specific configuration generator 32. The 

architecture advisor 36 also interacts with the 

20 configuration generator 32 and the available configuration 

objects to perform the design rules checking/error 

correction as the architecture specific representations 20 

are placed and partitioned on the target architecture 

representation 22. This is preferably performed as a 

25 distributed, object oriented process that may involve 

dynamically loading configuration routines via the 

configuration generator 32. Thus, the user is always 

informed of what design choices are available at any given 

time and is immediately warned when design specifications 

30 are not being met. When a configuration routine is called, 

the routine uses information provided by the architecture 

advisor 36 to re-configure the architecture specific 

configuration data 48 within the configuration object. 

In one example, an active configuration object is re- 

35 instantiated or re-configured based upon the proximity of 

the corresponding architecture specific representation 20 to 

other architecture specific representations 20 in the target 

architecture representation 22. The dynamic architecture 

>; 
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floorplanner 34 preferably displays the changing shape of 

the architecture specific representation 20 as it is moved 

across the target architecture representation 22. The 

dynamic architecture floorplanner 34 can also notify the 

user if the architecture specific 20 cannot be changed to 

that shape or location. One example of this type of dynamic 

re-configuration applied to an architecture specific 

representation 20 of a register being moved on. a target 

architecture representation 22 is shown in Figs. 7A-7C. 

In another example, an active configuration object is 

re-instantiated or re-configured to meet timing constraints, 

if possible. If the user creates too much routing distance 

between two architecture specific representations 20, for 

example, the design rules checker 44 will detect a routing 

error in real time. In warning mode, the dynamic 

architecture floorplanner 34 will display this error to the 

user. In auto correct mode, the new setup time requirements 

are passed to the configuration generator 32 via the 

architecture advisor 36 and the active configuration object 

will re-instantiate or re-configure itself to meet the 

required setup time. The dynamic architecture floorplanner 

34 will dynamically reshape the corresponding active 

architecture specific representation 20 shown on the target 

architecture representation 22 accordingly. One example of 

the notification of set up time or routing errors is shown 

in Figs. 8A and 8B. One example of the dynamic re¬ 

configuration of an architecture specific representation 20 

to correct set up time or routing errors is shown in Figs. 

9A_9C. One example of the dynamic re-configuration of 

architecture specific representations within a group of FLBs 

is shown in Figs. 10A-10C. 

As architecture specific representations 20 are moved 

the target architecture representation 22, the on 

architecture advisor 36 can also continuously monitor 

placement changes and recalculate static path timing and 

estimate routing in real time based upon the changes. This 

allows an incremental, real-time approach to static timing 

verification, providing instant feedback of incremental 
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changes to the floorplan of the architecture independent 

schematic representation. 

The dynamic architecture floorplanner 34 also allows 

designs to be imported from other EDA design tools. The 

dynamic architecture floorplanner 34 can re-generate a 

hierarchy from a "flattened" design, facilitating the 

planning of that design on different target architecture 

representations 22. For example, conventional synthesized 

designs are "flattened" by the mapping stage in that the 

formats used to represent the mapped design do not support 

design hierarchy. The hierarchy, however, is preserved in 

the names of the various architecture components inside this 

port-map file format. The dynamic architecture floorplanner 

34 of the present invention rebuilds the original design 

hierarchy based on the naming of the architecture components 

as well as the interconnect schemes. The dynamic 

architecture floorplanner 34 thus allows larger blocks of an 

imported design to be moved within the target architecture 

representation 22. 

The dynamic architecture floorplanner 34 also allows 

entry of board topologies, for use as templates in mapping 

the algorithm to an existing piece of hardware. Board 

topologies are preferably stored in a reconfigurable board 

architecture library 52 and can be re-used when a different 

application is mapped to the same board. 

The computer-implemented electronic design system 10 

can be used with vendor router tools 60 and vendor post¬ 

route timing analysis tools 62. The computer-implemented 

electronic design system 10 further includes a requirements 

resource monitor 64, responsive to the vendor post-route 

timing analysis tools 62, for allowing the user to visualize 

and manage circuit timing information extracted from the 

post-route timing analysis tool 62. The computer- 

implemented electronic design system 10 can also be used 

with a board level schematic 66 and board-level simulator 

68. The functional representation schematic designer 30 can 

access the board level schematic 66 while creating the 

architecture independent schematic representation of the 

BNSOOCID; <WO_8837475A2_I_> 



WO 98/37475 PCT/US98/02334 

electronic circuit. 

The present invention contemplates providing one or 

more of the components of the computer-implemented 

electronic design system apart from the other components of 

5 the system. The present invention contemplates different 

implementations of the functions performed by each of the 

components described in the exemplary embodiment above. 

Accordingly, the computer-implemented electronic design 

system of the present invention provides an integrated 

10 system for designing an architecture independent schematic 

representation of an electronic circuit, such as a logic 

circuit, and for implementing that schematic representation 

on one or more target architectures. The computer- 

i.npiemented electronic design system of the present 

15 invention also provides real time design checking throughout 

the design process and dynamic re-configuration of the 

design implementation on a selected target architecture to 

correct design errors and/or optimize the design. 

Modifications and substitutions by one of ordinary 

20 skill in the art are considered to be within the scope of 

the present invention which is not to be limited except by 

the claims which follow. 

What is claimed is: 

25 
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1. A computer-implemented electronic design system 

for designing an electronic circuit having at least one 

circuit component within a target circuit architecture, 

said system comprising: 

an architecture advisor, for receiving design criteria 

and for creating a database of design criteria, and for 

monitoring and managing design of said electronic circuit 

using said design criteria; 

a functional representation schematic designer, 

responsive to said architecture advisor, for creating and 

displaying an architecture independent schematic 

representation of said electronic circuit, wherein said 

architecture independent schematic representation includes 

a functional representation of each said at least one 

circuit component in said electronic circuit; 

an architecture specific representation generator, 

responsive to said architecture advisor, for generating at 

least one architecture specific representation 

corresponding to said functional representation of each 

said at least one electronic circuit component when 

implemented on at least one target circuit architecture; 

and 

a dynamic architecture floorplanner, responsive to 

said architecture advisor, for creating and displaying at 

least one architecture specific schematic representation of 

said electronic circuit, said architecture specific 

schematic representation including at least one target 

architecture representation having an array of architecture 

sites with said at least one architecture specific 

representation of each said at least one circuit component 

implemented thereon, wherein said architecture specific 

configuration generator generates said at least one 

architecture specific representation configured for said 

architecture sites of said at least one target architecture 

representation when said functional representation of said 

2? 
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at least one circuit component is placed at a location on 

said at least one target architecture representation. 

10 

15 

2. The computer-implemented electronic design system 

of claim 1 wherein said architecture advisor includes a 

design rules checker, for performing real time design rules 

checking against said database of design criteria as said 

architecture independent schematic representation is 

created using said functional representation schematic 

designer and as said architecture specific schematic 

representation is created using said dynamic architecture 

floorplanner, and wherein said architecture advisor informs 

said user if a design error is detected. 

3. The computer-implemented electronic design system 

of claim 2 wherein said architecture advisor automatically 

corrects said design of said electronic circuit if a design 

error is detected. 

2o 4. The computer-implemented electronic design system 

of claim 1 further including a circuit component 

representation library including a plurality of predefined 

functional representations of circuit components, and 

including a plurality of architecture specific 

25 representations associated with each of said plurality of 

functional representations. 

30 

35 

5. The computer-implemented electronic design system 

of claim 4 wherein said circuit component representation 

library includes: 

architecture independent functional data defining 

functions of said predefined functional 

representations; and 

architecture specific representation data 

associated with said architecture independent 

functional data for each of said predefined functional 

representations, wherein said architecture specific 

circuit component configuration data defines an 

It 
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implementation of said functions of said predefined 

functional representations on a plurality of target 

circuit architectures. 

5 6. The computer-implemented electronic design system 

of claim 4 wherein said functional representation schematic 

designer allows said user to select and arrange selected 

ones of said plurality of predefined functional 

representations and to provide interconnections between 

10 each of said selected ones of said plurality of predefined 

functional representations. 

7. The computer-implemented electronic design system 

of claim 6 wherein said functional representation schematic 

15 designer manages bit alignment for said interconnections 

provided between each of said selected ones of said 

plurality of predefined functional representations. 

8. The computer-implemented electronic design system 

20 of claim 1 wherein said functional representation schematic 

designer displays circuit component attributes with said 

functional representation of each said at least one circuit 

component. 

25 9. The computer-implemented electronic design system 

of claim 1 further including a target circuit architecture 

representation library including a plurality of target 

circuit architecture representations, wherein said dynamic 

architecture floorplanner allows said user to select at 

30 least one of said plurality of target architecture 

representations. 

10. The computer-implemented electronic design system 

of claim 1 wherein said dynamic architecture floorplanner, 

35 in response to placing said functional representation of 

each said at least one circuit component at said location 

on said at least one target circuit architecture 

representation, notifies said architecture advisor of said 

& 
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location, wherein said architecture advisor causes said 

architecture specific configuration generator to generate 

said at least one architecture specific representation 

appropriate for said location on said target circuit 

5 architecture representation. 

11. The computer-implemented electronic design system 

of claim 10 wherein said dynamic architecture floorplanner 

allows a user to move said at least one architecture 

10 specific representation to a new location on said target 

circuit architecture representation, wherein said 

architecture advisor, in response to movement of said at 

least one architecture specific representation to said new 

location, causes said architecture specific representation 

15 to dynamically re-configure based upon said new location. 

12. The computer-implemented electronic design system 

of claim 11 wherein said dynamic architecture floorplanner 

displays changes to said architecture specific 

20 representation as said user moves said architecture 

specific representation to said new location. 

13. The computer-implemented electronic design system 

of claim 10 wherein said architecture advisor includes a 

25 design rules checker, for performing real time design rules 

checking against said database of design criteria based 

upon said location of said architecture specific 

representation on said target architecture representation, 

and wherein, if a design error is detected, said 

30 architecture advisor causes said architecture specific 

representation to re-configure to correct said design 

error. 

14. The computer-implemented electronic design system 

35 of claim 1 wherein said dynamic architecture planner 

displays at least first and second target circuit 

architecture representations, and wherein said dynamic 

architecture planner allows a user to move said at least 
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one architecture specific representation from said first 

target circuit architecture representation to said second 

target circuit architecture representation, wherein said 

architecture advisor, in response to movement of said at 

5 least one architecture specific representation, causes said 

architecture specific representation to dynamically re¬ 

configure based upon said second target circuit 

architecture. 

IQ 15. The computer-implemented electronic design system 

of claim 1 further including a cache, responsive to said 

architecture specific configuration generator, for storing 

a plurality of architecture specific representations. 

15 16. The computer-implemented electronic design system 

of claim 1 further including a functional simulator, 

responsive to said architecture advisor, for simulating 

functionality of said architecture independent schematic 

representation of said electronic circuit. 

20 

17. The computer-implemented electronic design system 

of claim 16 wherein said functional simulator simulates 

performance at multiple clock speeds. 

25 18. The computer-implemented electronic design system 

of claim 16 wherein said functional simulator simulates 

performance at half clock cycles. 

19. The computer-implemented electronic design system 

30 of claim 16 wherein said functional simulator enables 

dynamic pipeline re-alignment of said at least one 

architecture independent schematic representation of said 

at least one electronic circuit component. 

35 20. The computer-implemented electronic design system 

of claim 1 wherein said at least one electronic circuit 

component is a logic circuit component. 

;l 
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21. The computer-implemented electronic design system 

of claim 1 wherein said electronic circuit is a field 

programmable gate array including a plurality of logic 

circuit components. 

22. A computer-implemented system for designing an 

architecture independent schematic representation of a 

logic circuit including a plurality of logic circuit 

components on a target circuit architecture, said system 

comprising: 

an architecture advisor, for receiving design 

criteria pertaining to said logic circuit, for monitoring 

design of said architecture independent schematic 

representation of said logic circuit, and for informing a 

user of design information; 

a circuit component representation library including a 

plurality of predefined functional representations of said 

plurality of logic circuit components, wherein said 

predefined functional representations are independent of 

said target circuit architecture; and 

a functional representation schematic designer, 

responsive to said architecture advisor, for allowing said 

user to select, arrange and interconnect selected ones of 

said plurality of predefined functional representations of 

logic circuit components to form said architecture 

independent schematic representation of said logic circuit, 

and for displaying said architecture independent schematic 

representation of said logic circuit, wherein said 

architecture advisor performs design rules checking in real 

time as said selected ones of said plurality of predefined 

functional representations of logic circuit components are 

selected, arranged and interconnected to form said 

architecture independent schematic representation of said 

logic circuit. 

23. The system of claim 22 further including a 

functional simulator, responsive to said architecture 

advisor and said functional representation schematic 

3>- 
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designer, for simulating logic functionality of said 

architecture independent schematic representation. 

24.' The computer-implemented system of claim 22 

5 wherein at least one of said plurality of predefined 

functional representations of logic circuit components 

includes a large scale functional representation of a 

combination of logic circuit components. 

1q 25. A computer-readable medium for providing at least 

one electronic circuit component representation for use in 

a computer-implemented electronic design system for 

designing an electronic circuit having at least one 

electronic circuit component within a target circuit 

15 architecture, said computer-readable medium comprising: 

architecture independent functional data defining at 

least one function to be performed by at least one 

electronic circuit component independent of said target 

circuit architecture; 

2o architecture specific configuration data associated 

with said architecture independent functional data for each 

said at least one electronic circuit component, wherein 

said architecture specific configuration data defines a 

plurality of implementations of said at least one function 

25 on a plurality of target circuit architectures; and 

a configuration routine, responsive to a request from 

said computer-implemented electronic design system 

indicating a selected location for said at least one 

electronic circuit component on said target architecture, 

30 for configuring said architecture specific configuration 

data to create an architecture specific representation 

appropriate for said selected location of said at least one 

electronic circuit component on said target architecture. 

25 26. The computer-readable medium of claim 25 further 

including: 

a re-configuration routine, responsive to a user 

changing said selected location of said at least one 
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circuit component on said target circuit architecture, for 

re-configuring said architecture specific representation 

using said architecture specific configuration data based 

upon said changed selected location of said at least one 

5 electronic circuit component on said target architecture. 

27. The computer-readable medium of claim 25 wherein 

said at least one circuit component representation includes 

a large scale representation of a combination of circuit 

10 components, wherein said architecture independent 

functional data defines a plurality of functions to be 

performed by each circuit component in said combination of 

circuit components, wherein said architecture specific 

configuration data defines a plurality of implementations 

15 of each of said plurality of functions on a plurality of 

target architectures, and wherein said configuration 

routine configures said architecture specific configuration 

data to create an architecture specific large scale 

representation appropriate for said selected location of 

20 said at least one electronic circuit component on said 

target architecture. 

28. A computer-implemented system for dynamic 

placement and partitioning of an electronic circuit design 

25 on a target circuit architecture, said system comprising: 

an architecture advisor, for monitoring and managing 

design of said electronic circuit based upon design 

constraints and design criteria; 

an architecture specific representation generator, 

30 responsive to said architecture advisor, for generating at 

least one architecture specific representation 

corresponding to each said at least one electronic circuit 

component when implemented on at least one target circuit 

architecture; and 

35 a dynamic architecture floorplanner, responsive to 

said architecture advisor, for creating and displaying at 

least one target circuit architecture representation having 

an array of architecture sites with said at least one 

31 
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architecture specific representation of each said at least 

one circuit component implemented thereon, wherein said at 

least one architecture specific representation of said at 

least one electronic circuit component is partitioned to 

5 occupy a portion of said architecture sites of said at 

least one target circuit architecture representation 

depending upon placement of said at least one circuit 

component at a location on said at least one target circuit 

architecture representation. 

10 

29. The system of claim 28 wherein said architecture 

specific configuration generator stores a plurality of 

architecture specific representations in cache memory. 

30. The system of claim 28 further including further 

including a target circuit architecture representation 

library including a plurality of target circuit 

architecture representations, wherein said dynamic 

architecture planner allows a user to select one of said 

20 plurality of target circuit architectures. 

31. The system of claim 28 wherein said dynamic 

architecture floorplanner imports said electronic circuit 

design from a storage medium. 

25 
32. A computer-implemented method for designing an 

electronic circuit, said electronic circuit including at 

least one electronic circuit component disposed within a 

target circuit architecture, said method comprising: 

30 capturing design parameters; 

selecting and displaying a functional representation 

of each said at least one electronic circuit component, 

wherein said functional representation represents an 

architecture independent function performed by said at 

35 least one electronic circuit component ,- 

creating an architecture independent schematic 

representation of said electronic circuit having said at 

least one electronic circuit design parameter by arranging 
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and interconnecting said functional representation of each 

said at least one electronic circuit component; 

selecting and displaying a target architecture 

representation for said electronic circuit, said target 

5 architecture representation including an array of 

architecture sites; 

creating an architecture specific schematic 

representation from said functional representations of each 

said at least one electronic circuit component, wherein 

10 said architecture specific schematic representation 

includes an architecture specific representation of each 

said at least one circuit component implemented on said 

selected target architecture representation, and wherein 

said architecture specific representation is configured for 

15 said architecture sites on said selected target 

architecture; and 

checking design rules in real time during designing 

said electronic circuit according to said design 

parameters. 

20 

33. The computer-implemented method of claim 32 

wherein the step of selecting said functional 

representation of each said at least one electronic circuit 

component includes creating a hierarchy of functional 

25 representations including at least one group of functional 

representations. 

30 

35 

34. The method of claim 33 wherein the step of 

creating a hierarchy of functional representations 

including at least one group of functional representations 

includes creating a large scale functional representation 

of a combination of circuit components, and further 

including the step of storing said large scale functional 

representation of said combination of circuit components. 

35. The method of claim 32 wherein the step of 

selecting said functional representation of each said at 

least one electronic circuit component includes selecting a 

X 
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large scale functional representation of a combination of 

circuit components. 

5 

36. The method of claim 32 wherein the 

checking design rules includes monitoring the 

arrangement and interconnection of said 

representation, and checking for inconsistencies 

design parameters. 

step of 

selection, 

functional 

with said 

20 37, The method of claim 32 wherein the step of 

creating an architecture specific schematic representation 

from said functional representations includes moving each 

said function representation to a location on said selected 

target architecture representation. 

15 
38. The method of claim 37 wherein said architecture 

specific representation is dynamically configured based 

upon said architecture sites at said location on said 

target architecture representation. 

20 

39. The method of claim 37 wherein the step of 

checking design rules in real time includes checking said 

location of said architecture specific representation 

against said design parameters, and further including the 

25 step of dynamically re-configuring said architecture 

specific representation in response to detecting an error. 

40. The method of claim 37 wherein the architecture 

specific representation is dynamically re-configured based 

3 0 upon a proximity of said architecture specific 

representation to another architecture specific 

representation on said target architecture representation. 

41. The method of claim 37 wherein the architecture 

35 specific representation is dynamically re-configured based 

upon a set up time error detected when said architecture 

specific representation is placed at said location. 

3? 
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42. The method of claim 3 2 further including the 

steps of: 

changing a location of an architecture specific 

representation on said target architecture representation; 

5 monitoring changes of said location of said 

architecture specific representation on said target 

architecture representation; and 

re-calculating estimated routing in real time based 

upon said changes of said location of said architecture 

10 specific representation on said target architecture 

representation. 

43. The method of claim 32 further including 

simulating functionality of said architecture independent 

15 schematic representation. 

44. The method of claim 32 wherein said electronic 

circuit is a logic circuit having a plurality of logic 

elements. 

20 

45. The method of claim 44 wherein said logic circuit 

is a field programmable gate array. 

3* 
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